Abstract -Two 3-DOF parallel mechanisms, a translational mechanism and a spherical mechanism, are analyzed. Each of two mechanisms commonly possesses three UPS serial subchains, and an additional passive 3-DOF PPP-type serial subchain and a passive 3-DOF RRR-type serial sub-chain are incorporated for the translational device and the rotational device, respectively. Such additional passive serial sub-chains act as constraints to restrict the output motion of the mechanism either in a 3-DOF translational space or in a 3-DOF spherical space. The position solutions of the proposed mechanisms and their first-order kinematic models are derived. Then their workspaces and kinematic characteristics are examined via the kinematic isotropic index.
I. INTRODUCTION
It is known that parallel mechanisms bear higher stiffness characteristics and better accuracy compared to the serial mechanism. Also, actuator locations in the mechanism could be placed toward the ground, and thus this reduces the dynamic effect due to floating actuators significantly. However, due to its intrinsically constrained links in its structure much more complicated analyses are involved in its kinematic and dynamic analysis. Nonetheless, parallel mechanism, typically such as a Stewart Platform structure, has been recognized as excellent candidates for applications such as a flight simulator and has been employed in other applications requiring higher load and higher accuracy. [1] [2] [3] Recent research works also involve design and analysis for less degree-of-freedom devices having 3, 4, and 5 DOF [4] [5] [6] [7] [8] [9] . One early example is a novel translational 3-DOF parallel mechanism employing UPU chain structure [4, 5] . Tsai, et al. [6] proposed a 3 DOF translational device which has local four-bar loops. Joshi and Tsai [7] proposed another 3 DOF parallel mechanism having three sub chains and one supporting leg. Tsai, et al [8] also proposed 4-and 5-DOF parallel mechanism using supporting leg at the center of mechanisms. Kim, et al [10] proposed a 3 DOF device which has unique forward solution but multiple reverse solutions. It is noted, however, that previous 3 DOF parallel devices have neither closed form forward solution nor inverse solution. Therefore, in this paper, we investigated two different mechanism nodules, one of which is a translational 3 DOF mechanisms having a closed-form solution in the forward and reverse position analysis. Their basic structures are similar to the Stewart Platform structure but have an additional supporting leg at the center of the mechanism, which constrains the output motion space of the Stewart Platform mechanism as desired. After their structures being described, the forward and reverse position solutions of the two proposed mechanisms are discussed in detail. Then their workspaces and their kinematic characteristics are examined via kinematic isotropic index.
II. POSITION ANALYSES

A. Description of mechanisms
As shown in Fig. 1 , the mechanism is formed with three identical UPS sub chains and an additional PPP sub chain at the center of the mechanism. Denote the base coordinates located at the center of the lower plate and the output coordinate located at the center of the upper plate as x y z ) and ( t t t x y z ), respectively. Three universal joints are placed on the circle of radius R on the base plate with an interval of 120°. And one end of each of prismatic joints is connected to the corresponding universal joint and the other end to the spherical joint fixed on the upper plate as shown in Fig. 1 . The mobility of the mechanism could be confirmed from well-known Grubler's mobility formula as below : ). More specifically, the position vector i R can be expressed explicitly as below, based on the definition in Table 1 : 
( cos( ), sin( ), 0) B to the point i P . The structure of the spherical mechanism is similar to that of the translational mechanism mentioned above. Only difference is that the spherical mechanism has an RRR -type additional sub-chain instead of an PPP -type sub-chain of the translational mechanism. Thus, the above description and mobility analysis for the translational mechanism can be applied identically to the spherical mechanism.
The output position of the translational mechanism (the origin of the output frame) is denoted as [ ]
However, the output orientation of the translational mechanism is fixed due to the additional PPP sub-chain and will be assumed to be 3 3 [ ] I × for convenience. On the other hand, the spherical mechanism has a fixed output position
, which becomes a hinge point for the rotational motion. The output orientation of the spherical mechanism is defined using three Euler angles and its rotational output matrix with respect to the base frame,
R , can be expressed as below :
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B. Position Analyses of the translational mechanism 1. Reverse Position Analysis
The absolute position from the origin of the base frame to the origin of the output frame can be expressed as Note particularly that as discussed previously, the output orientation of the upper plate is assumed to be a unit matrix in the translational device, 
Now, taking inner product to the both sides of (9) gives
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where 
Once the desired output position vector ( ) T P x y z = is given, the required input (that is, the prismatic joint variables) can directly be calculated from (12).
Forward Position Analysis
Given the displacement information for the three linear joints, the position of the platform will be estimated.
(12) can be rearranged as follows : 
R r R r R r , the results can be written as follows: Now, (14) and (15) can be written in a matrix form as below : 
The remaining output variable z can also be found by inserting the values of x and y into any equation of (13) It can be seen from (19) that there are two solutions for z . However, it is easily noticeable that these solutions represent the mirror images with respect to the x -y plane. Thus, a unique forward solution can be obtained.
C. Position Analyses of the spherical mechanism 1. Reverse Position Analysis
For the 3 DOF rotational device in Fig 2, the position vector from the origin of the base frame to the origin of the output frame can be expressed as 
Forward Position Analysis
Given the displacement information for the three linear joints, the orientation of the platform will be estimated. This problem for this type of mechanisms is well discussed in [8] and will not addressed here.
III. KINEMATIC ANALYSES
A. Translation 3-DOF Mechanism 1. First-order Kinematic Analysis
Directly differentiating (12) with respect to time and rearranging the results yields the following reverse inputoutput velocity relationship 
and for 1, 2,
of the upper plate is set to be 0.75 r = . For brevity, the rough boundary of the workspace in the figure is shown as the contour line of kinematic isotropic index KI σ equal to or above 0.01. The rough size of the workspace can also be estimated in the figure. From this figure, it can be confirmed that the workspace of the proposed mechanism is fairly large. t z = , respectively. From these plots the approximate 3-shape and size of the workspace of the mechanism for those specified design parameters can be inferred in addition to its kinematic isotropic properties. Also, it can be observed from these results that the size of the workspace is related to the ratio of the radii of the upper plate and the lower plate. Particularly, note that it can be inferred that
, the kinematic isotropic index has its maximum at the center area of the plots. 
B. The Spherical 3-DOF Mechanism 1. First-order Kinematic Analysis
By following the same procedure as the section III-A, the forward and reverse velocity relationship for the spherical mechanism can be found.
First-order Kinematic Characteristics
The parameters used in this simulation are exactly the same as discussed in section III-A-2. Effects of one design parameter γ and output variables on the kinematic characteristics throughout its workspace are examined. Again, since the contour plot can provide visual image on the plane of only two output variables, various contour plots for step-wise values of the other remaining output variable, namely γ , are obtained in the following simulations. Also, for simplicity, it is assumed that the hinge point for the rotational motion is fixed at ( , , ) (0, 0, 1) Fig. 7 shows the 3-D plot and contour plot of the maximum and the minimum values for the output variables, γ (that is, max γ and min γ ) on the α β − plane when the radius of the upper plate is set to be 0.75 r = . For brevity, the rough boundary of the workspace in the figure is identified as the contour line of the kinematic isotropic index KI σ equal to or above 0.01. The approximate size and shape of the workspace can be seen through these figures and it can also be confirmed that the workspace of the proposed mechanism is fairly large. and 20 , 40 , 60 γ =°°°, respectively. From these plots, it can be observed that the size of the workspace is also related to the ratio of the radii of the upper plate and the lower plate.
The result of the above kinematic analysis for both mechanisms will be useful, preliminary data for optimal design of these mechanisms. 
VI. CONCLUSIONS
The position solutions and the first-order kinematic models of two different 3-DOF parallel mechanisms, a translational and a spherical, are discussed. And using kinematic isotropic index their kinematic characteristics are examined. Through simulations, it is confirmed that both proposed mechanisms have fairly large workspace and good kinematic properties. Noting that both mechanisms have very good kinematic characteristics despite of its parallel structure along with their decoupled 3-dof output characteristics(i.e., pure spherical and translational, respectively), it can be contended that both mechanisms have high potential of wide applications requiring high payload and high precision not only as a single manipulator but also as modules in constructing more complex hybrid manipulators [11] [12] . 
